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ABSTRACT

Introduction: We aimed to evaluate the effects of the addition of probiotics containing Lactobacillus aci-
dophilus + Bifidobacterium animalis Subsp lactis to the classic triple treatment protocol (lansoprozole +
amoxycillin + clarithromycin) on the success of Helicobacter pylori eradication and antibiotic side effects.

Materials and Methods: Standard therapy (lansoprozole + amoxycillin + clarithromycin), and probiotics con-
taining in addition to standard therapy were determined. Patients in both groups were treated for 14 days.
The prebiotic, containing two different strains, was in capsule form and used twice a day. We demonstrated
the helicobacter eradication status by looking at the helicobacter antigen from the stool. Statistical ana-
lyzes between the two groups were made using the pearson Chi-square test. P<0.05 was accepted as the
significance level.

Results: The rate of discontinuing treatment due to side effects was 15.3% in group 1, this rate was 4.5% in
group 2. When double probiotics were added to the treatment, it was observed that there was a decrease
of 11.2% in serious side effects (p<0.001). After the completion of the treatments. It was observed that
helicobacter eradication was achieved in 152 out of 222 patients (68%) in group 1 and in 214 (89%) of 240
patients in group 2. When double probiotics were added to the treatment, it was observed that the success
of eradication increased by 21% (p<0.001).

Conclusion: Combined use of probiotic increases helicobacter eradication in addition to reducing the side
effects of antibiotics due to H. pylori.
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Introduction B-cell lymphoma.!® Epidemiological studies reveal that

Helicobacter pylori is known as a microaerophilic and ~ ™°¢ than 50% of the population is affected by H. pylori

gram-negative spiral cocoid flagellated bacteria. It is ~ Strains.*” The European Maastricht V/Florence consen-

the main cause of duodenal ulcer, peptic ulcer disease,  Sus statement accordingly stipulates that any person with

gastric adenocarcinoma, B-type gastritis, and stomach  H. pylori infection should undergo treatment to eradicate
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the pathogen.® Standard therapy with a proton pump in-
hibitor (PPI) and antibiotics such as clarithromycin and
amoxicillin or metronidazol ecures only about 70% of
patients. At present, triple or quadruple therapy based
on PPIs combined with amoxicillin and clarithromycin is
recognized as a first-line treatment of H. pylori."® In addi-
tion to the side effects of antibiotics used in H. pylori treat-
ment, resistance develops, and H. pylori eradication rate
decreases.” Probiotics reduce inflammation and damage
in the gastrointestinal system mucosa.’®* In the treatment
of H. pylori infections, antibiotics are the best treatment
method, but the development of resistance to some strains
of the bacteria limits the treatment.'”! Clinically isolated
H. pylori has been shown to develop resistance against
fluoroquinolone, tetracyclines, penicillins, aminoglyco-
sides, sulfonamides, and macrolides.™ Diarrhea due to
antibiotics, abdominal pain, and taste and smell disor-
ders are encountered as side effects.'” Due to these side
effects, patients may discontinued their treatment. In our
study, the effects of adding two different probiotic strains
containing Lactobacillus acidophilus + Bifidobacterium
animalis Subsp Lactis to the triple therapy protocol (lan-
soprozole + amoxycillin + clarithromycin) on the success
of H. pylori eradication and antibiotic side effects were
evaluated.

Materials and Methods

Helicobacter (H. pylori) + patients were analyzed ret-
rospectively as a result of endoscopic biopsy between
01.09.2019 and 01.09.2020. The patients diagnosed until
01.07.2019 were given standard treatment consisting only
of lansoprozole + amoxycillin + clarithromycin. The pro-
biotic agent containing L. acidophilus + B. animalis Subsp
Lactis was added to the patient group after the specified
date, in addition to the standard treatment, due to the low
success of the treatment and the high rates of discontin-
uation due to side effects. Considering that a synergistic
effect can occur by combining the different effects of the
two probiotic strains on H. pylori, an agent containing two
different probiotic strains was used. The records of the
patients enrolled in this study were recorded on real-time
follow-up forms by a single clinician who performed the
endoscopy and also treated the patients. Standard ther-
apy (lansoprozole + amoxycillin + clarithromycin) (Group
1), and probiotics containing L. acidophilus + B. animalis
Subsp Lactis in addition to standard therapy (Group II)
were determined. Age, gender, clinical findings, imaging
and histopathological findings of both groups, and HpAg

+/- status in stool, side effects such as abdominal pain,
diarrhea, taste disturbance, and allergy developed dur-
ing medical treatment were compared. The data of all pa-
tients were recorded in the SPSS program. Patients in both
groups were treated for 14 days. The prebiotic, containing
two different strains, was in capsule form and used twice
a day. Capsule content is L. acidophilus 1 x 109 cfu, B. ani-
malis subsp. lactis 1 x 109 cfu for 1 capsule.

In the meta-analysis performed by Gisbert in 2006, the re-
liability of rapid tests that scan H. pylori antigen in stool,
especially containing monoclonal antibodies, were ex-
amined and the sensitivity was 94% and the specificity
was 97%.3! Nguyen showed that this ratio was 96.6%,
and 94.9%, respectively.™ Therefore, stool HB test was
used to evaluate the post-treatment H. pylori eradication
status because it was reliable, cheap, practical, and non-
invasive. For false negativity, a stool test is recommended
15 days after antibiotic treatment. Therefore, 15 days after
the end of medical treatment, we demonstrated the HB
eradication status by looking at the helicobacter antigen
from the stool.

After collecting all the data, it was planned to investigate
the effects of double probiotic addition to triple therapy
on serious side effects leading to HB eradication success
and discontinuation of triple therapy. Statistical analyzes
between the two groups were made using the student test
for age. Statistical analyzes between the two groups were
made using the Pearson Chi-square test. P<0.05 was ac-
cepted as the significance level.

Results

Four hundred sixty-two patients diagnosed with H. pylori
as a result of biopsy from 603 patients who underwent en-
doscopy between 01.09.2019 and 01.09.2020 were included
in our study (Table 1). H. pylori positivity rate was 76.6%
in our patient series. The mean age of the patients was 53
(16-90). Two hundred twenty-two patients were treated
with lansoprozole + amoxycillin + clarithromycin (Group
1) and 240 patients with lansoprozole + amoxycillin +
clarithromycin + L. acidophilus + B. animalis Subsp Lactis
(Group 2). There was no significant difference between the
groups in terms of age, gender, and diagnoses. Thirty-four
of 222 patients in group 1 and 11 of 240 patients in group
2 had discontinued treatment due to side effects (Table
2). While the rate of discontinuing treatment due to side
effects was 15.3% in group 1, this rate was 4.5% in group
2. When double probiotics were added to the treatment, it
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Table 1. Clinical Characteristics of the Patients

Laparosc Endosc Surg Sci

Group | Group Il P
Number of patients 222 240
Primary diagnosis
Gastritis 171 187
Peptic ulcer 51 53 0.872
Number of patients discontinuing treatment due to side effects 34 (%15.3) 11 (%4.5) 0.000
Helicobacter eradication 152 (%68) 214 (%89) 0.000

Table 2. Side effects seen in patients

Side Effects Group 1 Group 2
34 11
Diarrhea 16 5
Abdominal pain 10 4
Taste disturbance 6 1
Allergy 2 1

was observed that there was a decrease of 11.2% in serious
side effects. There was a significant difference between the
two groups in terms of serious adverse effects in favor of
the group in which double probiotics were added to the
treatment (p<0.001) (Fig. 1). After the completion of the
treatments, it was observed that H. pylori eradication was
achieved in 152 out of 222 patients (68%) in group 1 and
in 214 (89%) of 240 patients in group 2 (Table 2). When

double probiotics were added to the treatment, it was ob-
served that the success of eradication increased by 21%.
There was a significant difference between the two groups
in terms of H. pylori eradication in favor of the group in
which double probiotics were added to the treatment
(p<0.001) (Fig. 2).

Discussion

H. pylori infection is seen in the community with a fre-
quency of 50%."°! It is known that this rate is 80-90% in
developing countries.'”! H. pylori is an opportunistic and
infectious bacterium in both humans and can cause gas-
tritis, peptic ulcer, gastric cancer, MALTOMA, iron defi-
ciency anemia in humans.!'*) In H. pylori eradication, PPIs
are often used together with dual antibiotics. Depending
on the antibiotics used in the treatment of H. pylori, side
effects such as abdominal pain, diarrhea, and taste dis-
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Figure 1. Chart of side effect.

Figure 2. Chart of eradication.
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turbance develop due to especially clarithromycin, and
results such as discontinuation of treatment occur.'® H.
pylori develops resistance against antibiotics as well as es-
cape from the immune system thanks to virulence factors.
(21 The prevalence of H. pylori resistance to clarithromycin
varies among different countries, such as 10.6 to 25% in
North America, 16% in Japan, and 1.7-23.4% in Europe.
0921 In a study conducted in Turkey to 18.7% for clar-
ithromycin and amoxicillin used for H. pylori treatment
resistance it has been reported that 9.4%.%

Since the use of antibiotics in the treatment of H. pylori,
increasing antibiotic resistance and discontinuation of
the treatments due to the side effects of these antibiotics
have led to a gradual decrease in H. pylori eradication
rates. It has been reported that adding probiotics to treat-
ment to increase the success rate in H. pylori eradication
has positive results.”>*! While H. pylori disrupts the nor-
mal flora in the stomach microbiota, antibiotics used in
the treatment cause a decrease in normal strains in the
intestinal flora that persist for a long time.” Probiotics
have positive effects in the protection of the intra-stomach
microbiota against the negative effects of H. pylori and in
the renewal of the deteriorated intestinal flora.?® In an ex-
periment with mice with H. pylori infection, Lactobacillus
was shown to be effective in regulating the microflora in
the stomach and intestines.?”

The virulence factors of H. pylori are urease, flagella, ad-
hesin, cag A gene, and cytoplasmic cytotoxin.?® Urease
hydrolyzes urea and produces ammonia, which buffers
cytosol and periplasm and helps create a neutral environ-
ment. It maintains intracellular and extracellular ph by
forming a layer around the bacterial surface. In this way,
H. pylori can live in a highly acidic environment such as
the stomach and duodenum. Urease is the most impor-
tant colonization factor of H. pylori. Ammonia resulting
from urease activity exerts pro-inflammatory effects and
increases cytokine release by activating monocytes. This
leads to inflammation in the stomach and duodenum and
thus direct mucosal damage.”?® Under favor of H. pylori fla-
gella, it uses ammonia as a chemotactic mediator and en-
ables colonization by moving away from the acidic area.?
Under favor of the adhesin on the bacterial surface, it can
be attached to the gastric mucosa.

Binding adhesin, an outer membrane protein of H. pylori,
contributes to virulence by binding to the Lewis B type
antigen of human cells. The CagA gene induces abnormal
proliferation and movement of gastric epithelial cells,

promoting the acquisition of a cellularly transformed phe-
notype.?® VacA induces host cells while releasing proin-
flammatory chemokines and plays a role in intracellular
signaling. VacA is the major virulence factor of H. pylori.
VacA attaches to stozole and releases bicarbonate and or-
ganic anions. At the same time, it provides the entry of
iron and nickel, which are needed by H. pylori.B!

Lactobacillus secretes metabolites that reduce H. pylori’s
urease activity.’? Lactobacillus attenuates CagA translo-
cation and phosphorylation, leading to a reduction in H.
pylori-induced inflammation of gastric epithelial cells.?
Lactobacillus strains reduce H. pylori colonization.?

Bifidobacterium inhibits H. pylori adhesion to intestinal
mucus by site competition and has been shown to reduce
IL 8 levels in in vivo studies and reduce in vivo-in vitro H.
pylori activity.? In Maastricht V Consensus Report, it has
been accepted that some probiotic strains may have posi-
tive effects on H. pylori eradication.?® In the light of these
datas, it is reasonable to assume that using a combination
of probiotics that act on H. pylori by different mechanisms
can create a synergistic effect. This is why we decided to
use combined probiotic strains when designing our study.

According to a meta-analysis of 13 studies, with the ad-
dition of only Lactobacillus as a probiotic to H. pylori
treatment, eradication increased by 11% and all side ef-
fects decreased by 8%.5! In a meta-analysis including 10
studies investigating the use of probiotic strains contain-
ing Lactobacillus and bifidobacter in beer, it was reported
that this combination had positive effects on eradication
and antibiotic side effects.P® In another meta-analysis
including 19 studies, it was reported that all side effects
were reduced by 14% in treatment with different types of
probiotics, and treatment success was better in treatment
groups containing multiple probiotic strains.?

In our study, the use of combined probiotics containing L.
acidophilus + B. animalis Subsp Lactis increased the H. py-
lori eradication rate by 21%, and the rate of serious side ef-
fects that would discontinue treatment decreased by 11%.
Only the side effects that were serious enough to cause
discontinuation were added to the side effect research
conducted in our study. Eradication success rate and re-
duction in side effects are higher than studies conducted
with a single probiotic strain reported in the literature.

Conclusion

The results we obtained in our study showed that the
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addition of two different probiotics to the classical treat-
ment contributed to the continuity and completion of the
treatment by preventing the development of side effects.
Combined use of L. acidophilus + B. animalis Subsp lactis
increases H. pylori eradication in addition to reducing the
side effects of antibiotics such as abdominal pain, diar-
rhea, and taste disturbance, and also reduces mucosal
damage such as gastritis due to H. pylori.

Disclosures

Ethichs Committee Approval: Tokat Gaziosmanpasa
Universty Medical Faculty 21-KAEK-182 29/08/2021.

Peer-review: Externally peer-reviewed.
Conflict of Interest: None declared.

Authorship Contributions: Consept — B.K.; Desing -
B.K., E.K., SY.; Supervision — B.K., M.Y., N.O.; Materials
- C.U., M.S.B.; Data collection and/or processing — B.K.;
Analysis and/or interpretation — B.K., M.Y.; Literature
search - B.K., S.Y.; Writing — B.K.; Critical review — N.O.

References

1. Hooi JKY, Lai WY, Ng WK, Suen MMY, Underwood FE, Tanyin-
goh D, et al. Global prevalence of helicobacter pylori infec-
tion: systematic review and meta-analysis. Gastroenterology
2017;153:420-9. [CrossRef]

2. Sjokvist Ottsjo L, Jeverstam F, Yrlid L, Wenzel AU, Wal-
duck AK, Raghavan S. Induction of mucosal immune re-
sponses against Helicobacter pylori infection after sublin-
gual and intragastric route of immunization. Immunology
2017;150:172—83. [CrossRef]

3. Bagheri N, Azadegan-Dehkordi F, Rafieian-Kopaei M,
Rahimian G, Asadi-Samani M, Shirzad H. Clinical relevance of
Helicobacter pylori virulence factors in Iranian patients with
gastrointestinal diseases. Microb Pathog 2016;100:154-62.

4. Hooi JKY, Lai WY, Ng WK, Suen MMY, Underwood FE, Tanyin-
goh D, et al. Global prevalence of Helicobacter pylori infec-
tion: systematic review and meta-analysis. Gastroenterology
2017;153:420-9. [CrossRef]

5. 0'Connor A, O'Morain CA, Ford AC. Population screening and
treatment of Helicobacter pylori infection. Nat Rev Gastroen-
terol Hepatol 2017;14:230-40. [CrossRef]

6. Malfertheiner P Megraud F, O'Morain AC. Management of
Helicobacter pylori infection-the Maastricht V/Florence Con-
sensus Report. Gut 2017;66:6—30. [CrossRef]

7. Asgari B, Kermanian F, Derakhshan N, Asna-Ashari M, Sadat
ZRN, Yaslianifard S. Honey-derived Lactobacillus rhamno-
sus alleviates Helicobacter pylori-induced gastro-intestinal
infection and gastric inflammation in C57BL/6 mice: an im-
muno-histologic study. Arq Gastroenterol 2018;55:279—-82.

8. Talebi Bezmin Abadi A. Probiotics as Anti-Helicobacterpylori

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Laparosc Endosc Surg Sci

Agent: State of the Art. Anti Infect Agents 2017;15:63—8.
Evans JD, Lopez DL. Bacterial probiotics induce an immune
response in the honey bee (Hymenoptera: Apidae). J Econ
Entomol 2004;97:752—6. [CrossRef]

Mousavi S, Dehkordi FS, Rahimi E. Virulence factors and an-
tibiotic resistance of Helicobacter pylori isolated from raw
milk and unpasteurized dairy products in Iran. J Venom Anim
ToxinsIncl Trop Dis 2014;20:51. [CrossRef]

Yahaghi E, Khamesipour F, Mashayekhi F, Safarpoor Dehkordi
F, Sakhaei MH, Masoudimanesh M, et al. Helicobacter pylori
in vegetables and salads: genotyping and antimicrobial re-
sistance properties. Biomed Res Int 2014;2014:757941.
Tuccori M, Lapi F, Testi A, Ruggiero E, Moretti U, Vannacci
A, et al. Drug-induced taste and smell alterations: a case/
non-case evaluation of an italian database of spontaneous
adverse drug reaction reporting. Drug Saf 2011;34:849-59.
Gisbert JP, de la Morena F, Abraira V. Accuracy of monoclonal
stool antigen test for the diagnosis of H. pylori infection: a
systematic review and meta-analysis. Am J Gastroenterol
2006;101:1921-30. [CrossRef]

Nguyen TV, Bengtsson C, Nguyen GK, Granstrom M. Evalua-
tion of a novel monoclonal-based antigen-in-stool enzyme
immunoassay (Premier Platinum HpSA PLUS) for diagnosis
of Helicobacter pylori infection in Vietnamese children. Heli-
cobacter 2008;13:269-73.

Jarosz M, Rychlik E, Siuba M, Respondek W, Ryzko-Skiba M,
Sajor |, et al. Dietary and socio-economic factors in relation
to Helicobacter pylori re-infection. World J Gastroenterol
2009;15:1119-25. [CrossRef]

Peek RM. Helicobacter pylori infection and disease: from hu-
mans to animal models. Dis Model Mech 2008;1:50-5.
Haesebrouck F, Pasmans F, Flahou B, Chiers K, Baele M,
Meyns T, et al. Gastric helicobacters in domestic animals and
nonhuman primates and their significance for human health.
Clin Microbiol Rev 2009;22:202-23. [CrossRef]

Ennkaa A, Shaath N, Salam A, Mohammad RM. Comparison
of 10 and 14 days of triple therapy versus 10 days of sequen-
tial therapy for Helicobacter pylori eradication: A prospective
randomized study. Turk J Gastroenterol 2018;29:549-54.
Elitsur Y, Lawrence Z, Rlissmann H, Koletzko S. Primary clar-
ithromycin resistance to Helicobacter pylori and therapy
failure in children: the experience inWest Virginia. J Pediatr
Gastroenterol Nutr 2006;42:327—8. [CrossRef]

Horiki N, Omata F, Uemura M, Suzuki S, Ishii N, lizuka Y, et al.
Risk for local recurrence of early gastric cancer treated with
piecemeal endoscopic mucosal resection during a 10-year
follow-up period. Surg Endosc 2012;26:72-8. [CrossRef]
Koletzko S, Richy F, Bontems P, Crone J, Kalach N, Monteiro
ML, et al. Prospective multicentre study on antibiotic resis-
tance of Helicobacter pylori strains obtained from children
living in Europe. Gut 2006;55:1711-6.

Goral V, Yildiz Zeyrek F, Gil K. Helicobacter pylori infek-
siyonunda antibiyotik direnci. T Klin Gastroenterohepatol
2000;11:87-92.

McFarland LV, Malfertheiner P, Huang Y, Wang L. Meta-anal-


https://doi.org/10.1053/j.gastro.2017.04.022
https://doi.org/10.1111/imm.12676
https://doi.org/10.1053/j.gastro.2017.04.022
https://doi.org/10.1038/nrgastro.2016.195
https://doi.org/10.1136/gutjnl-2016-312288

Evaluation of the effectiveness of using two different probiotics in helicobacter eradication treatment

24.

25.

26.

27.

28.

29.

30.

ysis of single strain probiotics for the eradication of Heli-
cobacter pylori and prevention of adverse events. World J
Meta-Anal 2015;3:97-117.

McFarland LV, Huang Y, Wang L, Malfertheiner P. Systematic
review and meta-analysis: Multi-strain probiotics as adjunct
therapy for Helicobacter pylori eradication and prevention of
adverse events. United Euro J Gastroenterol 2016;4:546—61.
Joint FAO/WHO Working Group. Report on drafting guide-
lines for the evaluation of probiotics in food. London Ontario,
Canada, April 30 and May 1, 2002. Available at: https://www.
who.int/foodsafety/fs_management/en/probiotic_guide-
lines.pdf. Accessed Oct 20, 2021.

Jakobsson HE, Jernberg C, Andersson AF, Sjolund-Karlsson
M, Jansson JK, Engstrand L. Short-term antibiotic treatment
has differing long-term impacts on the human throat and gut
microbiome. PLoS One 2010;5:9836. [CrossRef]

Salazar N, Ruas-Madiedo P, Kolida S, Collins M, Rastall R,
Gibson G, et al. Exopolysaccharides produced by Bifidobac-
terium longum IPLA E44 and Bifidobacterium animalis subsp.
lactis IPLA R1 modify the composition and metabolic activity
of human faecal microbiota in pH-controlled batch cultures.
Int J Food Microbiol 2009;135:260—7. [CrossRef]

Labigne A, Cussac V, Courcoux P. Shuttle cloning and nucleo-
tide sequences of Helicobacter pylori genes responsible for
urease activity. J Bacteriol 1991;173:1920—31, [CrossRef]
Josenhans C, Suerbaum S. Helicobacter motility and chemo-
taxis. In: Achtman M, Saeubaum S, editors. Helicobacter py-
lori: molecular and cellular biology. Norfolk: Horizon Scien-
tific Press; 2001. p. 171-84.

Higashi H, Tsutsumi R, Muto S, Sugiyama T, Azuma T,
Asaka M, et al. SHP-2 tyrosine phosphatase as an intra-
cellular target of Helicobacter pylori CagA protein. Science
2002;295:683-6.

31.

32.

33.

34.

35.

36.

37.

38.

Telford JL, Ghiara P, Dell'Orco M, Comanducci M, Burroni D,
Bugnoli M, et al. Gene structure of the Helicobacter pylori cy-
totoxin and evidence of its key role in gastric disease. J Exp
Med 1994;179:1653-8. [CrossRef]

World Gastroenterology Organisation. World Gastroenterol-
ogy Organisation Global Guideline: Helicobacter pylori in de-
veloping countries. J Clin Gastroenterol 2011;45:383-8.
Chen YH, Tsai WH, Wu HY, Chen CY, Yeh WL, Chen YH, et al.
Probiotic Lactobacillus spp. act Against Helicobacter pylori-
induced Inflammation. J Clin Med 2019;8:90. [CrossRef]
Asgari B, Kermanian F, Hedayat Yaghoobi M, Vaezi A,
Soleimanifar F, Yaslianifard S. The anti-helicobacter pylori
effects of lactobacillus acidophilus, L. plantarum, and L.
rhamnosus in Stomach Tissue of C57BL/6 Mice. Visc Med
2020;36:137—43. [CrossRef]

Chenoll E, Casinos B, Bataller E, Astals P, Echevarria J, Igle-
sias JR, et al. Novel probiotic Bifidobacterium bifidum CECT
7366 strain active against the pathogenic bacterium Heli-
cobacter pylori. Appl Environ Microbiol 2011;77:1335-43.
Malfertheiner P, Megraud F, 0'Morain CA, Gisbert JP, Kuipers
EJ, Axon AT, et al; European Helicobacter and Microbiota
Study Group and Consensus panel. Management of Heli-
cobacter pylori infection-the Maastricht V/Florence Consen-
sus Report. Gut 2017;66:6—30. [CrossRef]

Ld M, Yu S, Deng J, Yan Q, Yang C, Xia G, et al. Efficacy of
probiotic supplementation therapy for helicobacter pylori
eradication: a meta-analysis of randomized controlled trials.
PLoS One 2016;11:e0163743. [CrossRef]

Wang ZH, Gao QY, Fang JY. Meta-analysis of the efficacy
and safety of Lactobacillus-containing and Bifidobacterium-
containing probiotic compound preparation in Helicobacter
pylori eradication therapy. J Clin Gastroenterol 2013;47:25—
32. [CrossRef]


https://doi.org/10.1177/2050640615617358
https://doi.org/10.1371/journal.pone.0009836
https://doi.org/10.1016/j.ijfoodmicro.2009.08.017
https://doi.org/10.1128/jb.173.6.1920-1931.1991
https://doi.org/10.1084/jem.179.5.1653
https://doi.org/10.3390/jcm8010090
https://doi.org/10.1159/000500616
https://doi.org/10.1136/gutjnl-2016-312288
https://doi.org/10.1371/journal.pone.0163743
https://doi.org/10.1097/MCG.0b013e318266f6cf



